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ABSTRACT
The present study identified the freeze-dried concentrate of green mussel to
possess valuable nutritional properties with respect to long-chain polyunsaturated
fatty acids. The freeze-dried concentrate (C0) was stabilized with different ratios of
naturally derived antioxidative oleoresins of Rosmarinus officinalis and Curcuma
longa along with trace amounts of other natural additives to obtain four combina-
tions (C1, C2, C3 and C4) and was subjected to accelerated shelf storage for 90 days
(d90) to understand their role in retaining the desired nutritional composition. A
threshold level of oleoresins of C. longa : R. officinalis (0.8:0.4%) was sufficient for
optimum antioxidant activity, and further addition of endogenous antioxidants
did have negative impacts on stability of the polyunsaturated fatty acid composi-
tions of the green mussel concentrate. The combinations C2 and C4 effectively
arrested the isomeric conversion of cis polyunsaturated fatty acids to their trans
conformers at d0 and d90 than recorded in C0.
PRACTICAL APPLICATIONS
The nonconjugated olefinic system in the long-chain polyunsaturated fatty acids
in the marine products make them susceptible to oxidation, limiting the amount
of time that such products can be stored on the shelf. The use of natural oleoresins
in meat products and fried foods has been extensively researched and used in
commercialized foods. The present work focused to study the use of natural
antioxidative additives in increasing the shelf life of the freeze-dried concentrate
developed from green mussel Perna viridis and to retain the native form of
unsaturated fatty acids, which are highly susceptible to oxidation. The study dem-
onstrated that a combination of green mussel concentrate rich in long-chain poly-
unsaturated fatty acids and naturally derived antioxidative substances might result
in nutritionally valuable functional food products.
INTRODUCTION
Mussels are aquatic mollusks (Family: Mytilidae; Phylum:
Mollusca; Class: Pelecypoda or Bivalvia) comprising major
marine fishery resources (Murphy et al. 2002), the genus
Perna being one of the most commercially important
mussels. The consumption of bivalve mollusks in India, par-
ticularly the south Malabar area, has increased in the recent
years in response to the higher availability under wild and
cultured conditions. The health benefits related to mussel
consumption are due to the presence of inexpensive source
of long-chain polyunsaturated fatty acids (LC-PUFAs)
(Astorga-España et al. 2007), especially long-chain n-3
PUFAs containing mainly eicosapentaenoic acid (20:5n-3;
EPA) and docosahexaenoic acid (22:6n-3; DHA), which
have valuable pharmaceutical and biomedical potential
(McLean and Bulling 2005). This is unlike most terrestrial
organisms, which are rich in n-6 fatty acids.
Although the coastline of South Indian subcontinent is
bestowed with large assemblage of Perna viridis, they have
not been explored in detail regarding their potential use as
nutritional supplement. Considering the importance of this
species, the present study is envisaged to prepare a freeze-
dried concentrate from P. viridis collected from the
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southwest coast of India. It is of note that the lipidic ingre-
dients including LC-PUFAs in the freeze-dried concentrate
are susceptible to peroxidation (or oxidation) due to the
presence of olefinic bonds in their structure resulting in low
molecular weight aldehydes, ketones and deleterious free
radical species under shelf, and are major risk factors for
cardiovascular and inflammatory diseases (Halliwell 1989;
Sachidanandame et al. 2005). It is therefore imperative to
arrest the oxidation of these fatty acids by the addition of
antioxidants, and to retain its nutritional properties for a
longer time period in shelf.
The antioxidant compounds inhibit or delay the oxida-
tion process of LC-PUFAs with multiple olefinic bonds,
even at low concentrations (Halliwell 1989). These
antioxidative compounds function either as free radical
scavengers or decomposers of lipid-derived hydroperoxides/
peroxides, whereas others are enzyme inhibitors and singlet
oxygen quenchers. It is therefore necessary to add the anti-
oxidant additives in an attempt to increase the stability of
easily oxidizable LC-PUFAs in the product under storage,
and to retain their nutritional properties. Kamal-Eldin and
Pickova (2008) emphasized the relevance of supplementa-
tion of antioxidative additives to a lipid or LC-PUFA-rich
product for increasing the product stability and its impor-
tance toward human nutrition.
Synthetic antioxidants have been widely used to retard
lipid oxidation in foods (Ahmad 1996). In the recent years,
the consumers acknowledge having natural antioxidants in
their products over synthetic ones due to the concern about
the adverse side effects of the later and other synthetic ana-
logues (Safer and Al-Nughamish 1999; Chakraborty and
Paulraj 2010). A wide variety of natural antioxidative addi-
tives derived from spices and herbs are preferred as natural
alternatives to the traditionally used synthetic antioxidants
in dehydrated meat and fish products (Bhale et al. 2007;
Haak et al. 2009; Sampels et al. 2010). The antioxidant
activities of these natural derivatives are predominantly
attributed due to different phenolic compounds, which can
act as free radical scavengers, and were reported to be effec-
tive in preventing rancidity in many lipid systems such as
fish muscle (Ikawa 1998; Medina et al. 1999, 2003;
Pantelidis et al. 2007). These naturally derived antioxidative
substances have documented human health benefits, and
are therefore highly preferred food additives (Hsu and Yen
2008).
These have been evaluated in various products ranging
from sausages, fish fillets and fish oil (Aguirrezábal et al.
2000). An earlier study showed that meatballs supplemented
with 1.5% sage extract limited the unsatisfactory changes in
their nutritional composition and decreased oxidation,
thereby resulting in improved shelf life (Karpinska et al.
2001). Earlier studies demonstrated that addition of rose-
mary (0.4–0.8%) gave extended storage life of fish products
compared with the antioxidative activities of 22 commonly
used herbs and spices added in different amounts to pork
meat (Tanabe et al. 2002; Wood et al. 2003). Addition of
rosemary, tea catechins and oregano showed significant
potential (greater than 50%) inhibition of lipid oxidation in
fish muscle and other dehydrated food products (Tang et al.
2001; Alghazeer et al. 2008).
In addition to the antioxidative effect of the individual
natural additives, there are as well synergistic interactions,
which influence the cumulative antioxidative effect. It has
been demonstrated that the antioxidant combinations
derived from various natural sources gave greater potential
to hinder lipid oxidation in salted mackerel (Park et al.
2009). There is much room for novel combinations derived
from the natural additives, which might provide greater oxi-
dative stability of the end product, and therefore, further
research in this area is of vital importance.
The present study therefore focused to explore natural
alternatives to the synthetic antioxidants to arrest the degra-
dation of vital nutrients with respect to LC-PUFAs of the
P. viridis concentrate. These naturally derived antioxidant
components were added in various compositions to the said
P. viridis concentrate to prepare different experimental
combinations, and were subjected to accelerated shelf life
study for a period of 90 days (d90) to understand the
optimum antioxidant mix for retaining the nutritional
qualities of the P. viridis concentrate with respect to fatty
acid compositions. Keeping in mind the considerable inter-
est in low trans fats in food products, the present work also
focused to understand the formation of trans conformers of
the fatty acids in the P. viridis concentrate (C0) vis-à-vis
experimental combinations (C1, C2, C3 and C4) during 90
days of accelerated shelf life study.
MATERIALS AND METHODS
Samples
Green mussel (P. viridis) was collected from their natural
habitat at Elathur (Lat: 11054′11.6″N; Long: 750 12′21.8″E),
Calicut district in Kerala State of India. The fresh leaves of
rosemary (Rosmarinus officinalis) were purchased from a
local company (BOS Natural Flavors [P] Ltd., Cochin,
Kerala, India). Rhizomes of turmeric (Curcuma longa) and
ginger (Zingiber officinale; Zingiberaceae) and fruits of
tamarind (Tamarindus indica; Leguminosae), Indian goose-
berry (Emblica officinalis; Phyllanthaceae), lemon (Citrus
limon; Rutaceae) and pineapple (Ananas comosus;
Bromeliaceae) were collected freshly from the local farms
(Cochin, Kerala, India). The brown seaweeds, Turbinaria
conoides and Sargassum myriocystum (Sargassaceae), were
collected from the Gulf of Mannar of Mandapam region on
the southeast coast of India.
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Preparation of Natural
Antioxidant Additives
The fresh leaves of R. officinalis (50 g) were air dried,
ground and subjected to Soxhlet extraction (75–80C) using
ethyl acetate (250 mL × 3). The pooled extract was filtered
(Whatman No. 1 filter paper) and concentrated in vacuo
(Heidolph Instruments GmbH & Co., Schwabach,
Germany) to obtain ethyl acetate extract (5.6 g). The
extract was then stirred with n-hexane (25 mL; 20 min),
centrifuged (Superspin PlastoCrafts R-V/Fm, Mumbai,
India) and the supernatant was concentrated and emulsi-
fied with polysorbate 80 (1:1, w/w) to obtain the purified
oleoresin of R. officinalis (2.2 g; ROO) containing 26%
carnosic acid and 5.5% carnosol, which was confirmed by
High Pressure Liquid Chromatography (HPLC). Likewise,
the fresh rhizomes of C. longa (2.0 kg) were sliced, air
dried (50C), powdered (100 g) and extracted with ethyl
acetate (800 mL × 3). The pooled extract was filtered and
concentrated in vacuo (50C) to obtain the ethyl acetate
extract (16 g). This extract was stirred with n-hex-
ane : ethyl acetate (2:1, v/v, 45 mL; 20 min) and kept at
room temperature for 8 h. The mixture was then centri-
fuged and the supernatant (30 mL) was removed. The
residue obtained was dried in vacuo and emulsified with
polysorbate 80 (1:1, w/w) to furnish the purified oleoresin
of C. longa (9 g; CLO) containing 30% curcuminoids
(curcumin –22%; demethoxy curcumin –6.4%; bis-
demethoxy curcumin –1.6%), which was confirmed by
HPLC. Carnosic acid, carnosol in ROO (Okamura et al.
1994) and curcuminoids in CLO (Revathy et al. 2011) were
quantified as described with slight modifications using
reverse-phase isocratic HPLC system (Shimadzu LC
20AD, Shimadzu Corporation, Nakagyo-ku, Japan) fitted
with a C18 column (Phenomenex, 250 mm in length,
4.6 mm i.d., 5μ particle size) and photo diode array
detector. Carnosic acid and carnosol were detected at
230 nm by eluting with acetonitrile: 1% acetic acid in
water (55:45, v/v) and curcuminoids were detected at
420 nm by eluting with tetrahydrofuran: 0.1% citric acid
in water (40:60, v/v).
The cleaned, minced samples of Z. officinale, T. indica,
E. officinalis, C. limon and A. comosus (100 g each) were
separately refluxed with distilled water (100 mL × 2), fil-
tered and then freeze-dried to obtain aqueous extracts
of Z. officinale (ZOE; 3.5 g), T. indica (TIE; 14.1 g),
E. officinalis (3.8 g), C. limon (CLE; 3.9 g) and A. comosus
(ACE; 5.5 g). The brown seaweeds, T. conoides and
S. myriocystum (100 g) were shade dried, powdered and
were refluxed with distilled water (400 mL × 3; 3 h), clari-
fied by centrifugation and was freeze-dried to furnish
the aqueous extract of T. conoides (TCE; 15 g) and
S. myriocystum (SME; 13.2 g).
Preparation of Green Mussel Concentrate,
Experimental Combinations and Design of
Stability Studies
The shell-on samples of P. viridis were thoroughly washed
with distilled water, and the meat (3.0 kg) was manually
removed without applying heat. The homogenized meat
was then subjected to freeze-drying to obtain freeze-dried
mussel concentrate (control, C0), from which four combina-
tions C1, C2, C3 and C4 were prepared by varying the concen-
tration of ROO and CLO (Table 1).
In order to find the best antioxidant combinations, the
stability of fatty acid composition of P. viridis without
natural additives (C0) was compared with different combi-
nations (C1, C2, C3 and C4) using a time-dependent shelf life
study during accelerated storage (at an elevated temperature
of 50C) in a thermostatically controlled incubator (Labline,
India). The samples (C1–4 and C0; 15 g each) were kept in
glass vials, and evaluated at zeroth day (d0) at regular time
intervals (15 [d15], 30 [d30], 60 [d60] days) up to a period of
90 days (d90). All the samples (1 g each) were withdrawn in
triplicate at the same intervals to analyze the change in fatty
acid composition.
Evaluation of Free Radical-Scavenging and
Lipid Peroxidation Inhibitory Activities
The free radical-scavenging and lipid peroxidation inhibi-
tory activities of different compositions of CLO and ROO
TABLE 1. PERCENTAGE COMPOSITIONS OF
DIFFERENT COMBINATIONS (C1, C2, C3 AND
C4) DERIVED FROM CONTROL (C0) Combinations
Composition (%)
CLO ROO ZOE EOE CLE TIE TCE SME ACE
C1 0.4 0.8 0.05 0.05 0.05 0.05 0.025 0.025 –
C2 0.8 0.4 0.05 0.05 0.05 0.05 0.025 0.025 –
C3 0.8 0.8 0.05 0.05 0.05 0.05 0.025 0.025 –
C4 0.8 0.4 0.05 0.05 0.05 0.05 0.025 0.025 0.05
All the additives were homogenized with C0 to make different combinations (C1, C2, C3 and C4).
ACE, Ananas comosus extract; CLE, Citrus limon extract; CLO, Curcuma longa oleoresin; EOE,
Emblica officinalis extract; ROO, Rosmarinus officinalis oleoresin; SME, Sargassam myriocystum
extract; TCE, Turbinaria conoides extract; TIE, Tamarindus indica extract; ZOE, Zingiber officinale
extract.
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when blended with P. viridis without natural additives (C0)
were studied in order to find their individual and synergistic
effects.
Free radical-scavenging potential was measured using
2,2-diphenyl-1-picryl-hydrazil (DPPH) by the method
of Blois (1958). The reaction mixture containing 2.5 mL
of DPPH solution (0.1 mM in methanol) and the samples
(1 mg/mL in methanol) was adjusted to a total volume
of 3 mL by adding methanol. The absorbance was measured
at 30 min at 517 nm (Varian Cary 50, Palo Alto, CA, USA)
and expressed as % total antioxidant radical-scavenging
activity (%TARSA) = {(absorbance of control – absorbance
of sample) × 100}/absorbance of control.
The degree of lipid peroxidation was measured colori-
metrically in terms of thiobarbituric acid reactive sub-
stances (TBARS) formation and was determined according
to the method described elsewhere (Masniyom et al. 2011).
The samples were homogenized in 2.5 mL of mixture con-
taining 0.375% TBA, 15% TCA and 0.25 M HCl. The
mixture was heated in the boiling water for 10 min, fol-
lowed by cooling with the running tap water. The mixture
was centrifuged at 3,600 × g for 20 min (Superspin
PlastoCrafts R-V/Fm, Mumbai, India), and the absorbance
was measured at 532 nm using UV-Vis spectrophotometer
(Varian Cary 50). TBARS were calculated from the standard
curve of malondialdehyde and expressed as mM
malondialdehyde equivalents/kg (mM MDA eq./kg) of the
sample.
Fatty Acid Composition of the Green Mussel
Concentrate and Different Experimental
Combinations in Accelerated Stability Study
The fatty acid composition of C0, C1, C2, C3 and C4 was
determined using established method as described else-
where (Metcalfe et al. 1966; Chakraborty and Paulraj 2007).
Fatty acids converted to fatty acid methyl esters (FAMEs)
were analyzed by GC on a Perkin Elmer gas chromatograph
(HP 5890 Series II, Perkin Elmer, Bridgeport Ave, Shelton,
CT, USA) connected with a SP 2560 (cross-bond 5%
diphenyl–95% dimethyl polysiloxane) capillary column
(100 m × 0.25 mm i.d., 0.50 μm film thickness, Supelco,
Bellfonte, PA) using a flame ionization detector equipped
with a split/splitless injector, which was used in the split
(1:15) mode (Chakraborty and Paulraj 2008). The injection
volume of 0.2 μL of nitrogen (ultrahigh purity >99%) was
used as the carrier gas with a pressure of 5.6 × 103 kg/m2
and flow rate of 25 mL/min. The flow rate of hydrogen
(45 mL/min) and air (450 mL/min) was maintained at a
pressure of 3.5 × 104 kg/m2. The oven temperature ramp
program: 140C for 1 min rising at 30C/min to 250C where
it was held for 1.0 min followed by an increase of 25C/min
to 285C, where it was held for 2.0 min until all peaks had
appeared. The total run time was set at 52 min. The injector
and detector were held at 285 and 290C, respectively.
FAMEs were identified by comparison of retention times
with known FAME standards (SupelcoTM 37 Component
FAME Mix) in GC. The samples were injected in triplicate,
and the results were expressed as percentage weight of total
fatty acids (%TFA). The data acquisition was carried out
with TotalChrome 6.10.10 (Perkin Elmer).
Statistical Analyses
Statistical evaluation was carried out with the Statistical
Program for Social Sciences (version 13.0; SPSS, Inc.,
Chicago). The samples kept for shelf life study were with-
drawn in triplicate at the same intervals from different sets
(n = 3) of samples prepared separately, and analyzed in trip-
licate to evaluate the change in fatty acid composition.
Mean values of data were analyzed with one-way analysis of
variance. The means were separated using Duncan’s least
significant difference at P < 0.05.
RESULTS AND DISCUSSION
Fatty Acid Profile of Freeze-Dried
Concentrate of P. viridis
Marine organisms, especially mussels, are good source of
nutrients. Fatty acids are very important biochemical indi-
cators of P. viridis contributing to their nutritional quality.
The analysis of fatty acid profile of freeze-dried concentrate
of P. viridis (C0) (Tables 2–6) revealed the presence of n-3
PUFAs, EPA and DHA (7.0 and 7.9%, respectively). PUFAs
with more than 20 carbon atoms represent more than 18%
of total fatty acids, indicating a high nutritive as well as
therapeutic value of P. viridis. The saturated fatty acids
(SFAs) accounted for 42.3% of the total fatty acids followed
by PUFAs (28.4%) and monounsaturated fatty acids
(MUFA 21%). Earlier study (Fuentes et al. 2009) recorded a
similar composition of these fatty acids in Spanish mussel,
Mytilus galloprovincialis. Palmitic acid (16:0) made an
important contribution (25.9%) among SFAs, which has
been reported in earlier studies as the major SFA in mussels
(Otles and Sengor 2005). Among MUFAs, palmitoleic acid
(16:1n-7) was found to be the prominent (8.8%) followed
by 22:1n-9 (2.8%).
Free Radical-Scavenging and
Lipoperoxidation Inhibitory Activities of the
Natural Additives to the Green Mussel
Concentrate (C0)
The DPPH free radical-scavenging and TBARS formation
inhibitory activities of different compositions of CLO and
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ROO when blended with C0 were studied in order to
find their individual (Fig. 1A,B) and synergistic effects
(Fig. 1C,D). Both CLO and ROO showed maximum
free radical-scavenging activity (22.2 and 19%, respectively)
as well as TBARS formation inhibitory activities (<2.8
mM MDA eq./kg) at their highest concentration
(0.8%) (Fig. 1A,B). However, for different compositions,
DPPH-scavenging activities were found to be in the order:
CLO : ROO (0.8:0.4) > (0.8:0.8) > (0.4:0.8) > (0.2:0.1) >
(0.1:0.2) (Fig. 1C). Correspondingly, the TBARS formation
inhibitory activities for various compositions were found
to be in the order, CLO : ROO (0.8:0.4) > CLO : ROO
(0.4:0.8) > CLO : ROO (0.8:0.8) > CLO : ROO (0.2:0.1) >
CLO : ROO (0.1:0.2) (Fig. 1D). Earlier reports demon-
strated that the naturally derived antioxidative additives
were used in various food products to evaluate their indi-
vidual and synergistic activities to prolong the shelf life of
lipid-rich food products, and to derive the optimum combi-
nations of antioxidants leading to the evolution of innova-
tive food products (Perumalla and Hettiarachchy 2011). The
TABLE 2. SATURATED FATTY ACID PROFILE
DURING ACCELERATED SHELF LIFE STUDY OF
90 DAYS (d90)
Saturated fatty acids (% total fatty acids, TFAs)
Fatty acids d0 d15 d30 d60 d90
C0
14:0 6.09a ± 0.2 7.74b ± 0.87 8.22b ± 0.98 8.68b ± 0.09 8.72b ± 0.32
16:0 25.9a ± 0.32 28.27a ± 0.89 31.65b ± 0.09 30.04b ± 0.27 31.42b ± 1.67
18:0 6.09a ± 0.14 6.46a ± 0.01 6.48a ± 1.78 6.56a ± 1.20 7.13b ± 0.24
20:0 2.14a ± 0.15 2.37a ± 0.09 2.24a ± 0.08 2.55a ± 0.09 2.23a ± 0.2
Other SFAs* 2.09a ± 0.13 2.55ab ± 0.22 2.5ab ± 0.1 2.58ab ± 0.05 3.2b ± 0.07
Σ SFA 42.31a 47.39ab 51.09b 50.41b 52.7b
C1
14:0 6.06a ± 0.03 6.53b ± 0.87 6.72b ± 0.98 6.6b ± 0.99 6.84b ± 0.32
16:0 23.96a ± 0.87 27.12b ± 1.89 29.47bc ± 2.09 29.76c ± 1.87 30.63d ± 0.67
18:0 4.97a ± 0.07 6.35b ± 0.10 6.38b ± 0.78 6.39b ± 0.20 6.81b ± 0.03
20:0 2.22a ± 0.20 2.11a ± 0.90 2.14a ± 0.08 2.37a ± 0.09 2.14a ± 0.20
Other SFAs* 1.92a ± 0.02 2.11a ± 0.05 2.08a ± 0.11 2.51a ± 0.09 2.66a ± 0.04
Σ SFA 39.13a 44.22b 46.79b 47.63b 49.08b
C2
14:0 6.25a ± 0.66 6.22a ± 0.82 6.27a ± 0.64 6.28a ± 0.36 6.29a ± 0.11
16:0 22.52a ± 0.76 23.92b ± 0.05 24.05b ± 0.67 24.09b ± 0.17 25.12c ± 0.25
18:0 4.52a ± 2.31 5.29a ± 0.12 5.4a ± 0.05 5.41a ± 0.28 5.49a ± 0.31
20:0 2.11a ± 0.01 1.75b ± 0.01 1.84b ± 0.07 1.85b ± 0 1.89b ± 0.01
Other SFAs* 1.74a ± 0.04 1.44a ± 0.06 1.21a ± 0.05 1.22a ± 0.06 1.09a ± 0.01
Σ SFA 37.14a 38.62b 38.77b 38.85b 39.88b
C3
14:0 6.21a ± 0.21 6.30a ± 0.09 6.38a ± 0.90 6.42a ± 0.01 6.41a ± 0.02
16:0 22.2a ± 0.06 24.65a ± 0.76 24.73a ± 0.69 25.05a ± 0.18 25.09a ± 0.69
18:0 5.37a ± 0.08 6.26b ± 0.31 6.41b ± 0.69 6.66b ± 0.11 6.77b ± 0.01
20:0 2.13a ± 0.02 2.23a ± 0.03 2.23a ± 0.12 2.13a ± 0.12 2.27a ± 0.22
Other SFAs* 1.93a ± 0.03 1.56a ± 0.03 1.56a ± 0.01 1.44a ± 0.05 1.44a ± 0.03
Σ SFA 37.84a 41.00b 41.31b 41.70b 41.98b
C4
14:0 6.46a ± 0.01 6.39a ± 0.08 6.43a ± 0.09 6.52a ± 1.32 6.67a ± 0.66
16:0 23.57a ± 0 26.88b ± 2.09 27.24b ± 0.09 28.89b ± 0.05 29.09b ± 0.06
18:0 4.89a ± 0.11 5.56b ± 1.78 6.01c ± 1.20 6.22c ± 0.04 6.44c ± 0.31
20:0 2.19a ± 0.01 1.85a ± 0.08 2.05a ± 0.09 2.09a ± 0.20 2.11a ± 0.07
Other SFAs* 1.82a ± 0.02 2.28a ± 0.04 2.44a ± 0.01 1.86a ± 0.03 2.33a ± 0.05
Σ SFA 38.93a 42.96b 44.13b 45.58b 46.64b
The data presented as mean values of three samples (mean ± standard deviation). The samples
were drawn from different sample sets and not from multiple analyses of the same sample.
* Represents the sum of fatty acids below 0.5% TFA and the minor fatty acids (<0.01%) are not
reported.
a, b, c, d: Row-wise values with different superscripts of this type indicate significant difference
(P < 0.05) between different days (0, 15, 30, 60 and 90) during accelerated shelf life study.
ΣSFA, total saturated fatty acids.
K. CHAKRABORTY, S.J. CHAKKALAKAL AND D. JOSEPH NUTRIENT-ENRICHED FORMULATION OF PERNA VIRIDIS
419Journal of Food Quality 37 (2014) 415–428 © 2014 Wiley Periodicals, Inc.
higher activity apparent for the mixed compositions than
individual additives appeared to be due to the synergistic
effects of the individual components (Koduru et al. 2007).
These results showed the advantage of using a mix of
antioxidants to result in higher activities as compared with
solitary combinations. In vivo studies demonstrated that
phytochemicals, as present in turmeric (CLO) and rosemary
(ROO) extracts, are efficient against chronic diseases when
acting in combination rather than individually (Canene-
Adams et al. 2005). The CLO harbors principal active com-
ponents such as curcuminoids, comprising curcumin,
demethoxy curcumin and bis-demethoxy curcumin, which
were reported to possess antioxidant properties (Chatterjee
et al. 1999) and ability to inhibit the formation of pro-
inflammatory eicosanoids (Chattopadhyay et al. 2004).
ROO contains two polyphenolic components, carnosic acid
and carnosol, which have important biological activities as
antioxidant, chemopreventive and anti-inflammatory agents
(Cheung and Tai 2007). This antioxidative mechanism of
the extracts of the natural additives may take place at the
TABLE 3. MONOUNSATURATED FATTY ACID
PROFILE DURING ACCELERATED SHELF LIFE
STUDY OF 90 DAYS (d90)
Monounsaturated fatty acids (% total fatty acids, TFAs)
Fatty acids d0 d15 d30 d60 d90
C0
16:1n-7 8.80a ± 0.34 9.88b ± 0.56 9.22ab ± 0.89 9.90a ± 0.41 9.15ab ± 0.17
18:1n-7 2.56ab ± 0.15 2.32a ± 0 2.43a ± 0.03 2.89bc ± 0.02 1.31d ± 0.01
18:1n-9 2.63a ± 0.16 2.97a ± 0.10 2.66a ± 0.08 3.14a ± 0.09 2.73a ± 0.12
22:1n-9 2.76a ± 0.05 2.83a ± 0.02 2.72a ± 0.15 2.38a ± 0.12 2.40a ± 0.09
Other MUFAs* 4.24a ± 0.18 4.42ab ± 0.23 4.34ab ± 0.03 4.43ab ± 0.17 4.96b ± 0.23
Σ MUFA 20.99a 22.42a 21.37a 22.74a 20.55a
C1
16:1n-7 9.54a ± 0.02 9.41a ± 1.01 9.01b ± 0.13 10.12c ± 0.26 9.57a ± 0.58
18:1n-7 2.24a ± 0.85 1.49b ± 0.06 1.43b ± 0.89 1.34b ± 1.41 1.28b ± 0.17
18:1n-9 7.73a ± 0.86 5.22b ± 0.41 5.13b ± 056 4.4c ± 0.93 4.36c ± 0.27
22:1n-9 2.35a ± 0.05 2.56a ± 0.02 2.67a ± 0.03 2.65a ± 0.02 2.45a ± 0.17
Other MUFAs* 3.24a ± 0.05 3.88b ± 0.22 3.8b ± 0.89 3.76b ± 0.56 3.69b ± 0.47
Σ MUFA 25.10a 22.56b 22.04b 22.27b 21.35a
C2
16:1n-7 8.96a ± 0.09 9.09a ± 2.77 9.13a ± 2.51 8.98a ± 0.09 8.41b ± 0.09
18:1n-7 2.16a ± 0.66 2.52a ± 0.82 2.4a ± 0.64 2.38a ± 0.36 2.25a ± 0.01
18:1n-9 7.15a ± 0.31 7.68b ± 0.38 7.65b ± 2.25 7.63b ± 0.08 7.6b ± 0.31
22:1n-9 2.91a ± 1.66 2.69a ± 0.82 2.95a ± 0.12 3.0a ± 0.01 2.99a ± 0.11
Other MUFAs* 3.51a ± 0.36 3.2a ± 0.38 3.17a ± 0.69 2.93a ± 0.47 2.96a ± 0.65
Σ MUFA 24.69a 25.18a 25.30a 25.06a 24.21a
C3
16:1n-7 9.11a ± 0.02 9.69b ± 0.31 9.7b ± 0.02 9.78b ± 0.36 9.9b ± 0.12
18:1n-7 2.37a ± 0.12 1.48b ± 0.06 1.47b ± 0.02 1.59b ± 0.01 1.65b ± 0.07
18:1n-9 8.00a ± 0.13 6.84b ± 0.06 6.96b ± 0.02 8.1a ± 0.02 8.5c ± 0.01
22:1n-9 2.46a ± 0.06 2.81b ± 0.90 2.83b ± 3.12 2.43a ± 2.61 2.29a ± 2.77
Other MUFAs* 4.3a ± 0.03 3.62a ± 0.03 3.59a ± 0.45 3.4a ± 0.22 3.38a ± 0.21
Σ MUFA 26.24a 24.44a 24.58a 25.30a 25.72a
C4
16:1n-7 6.46a ± 0.01 6.39a ± 0.08 6.43a ± 0.09 6.52a ± 1.32 6.67a ± 0.66
18:1n-7 23.57a ± 0 26.88b ± 2.09 27.24b ± 0.09 28.89b ± 0.05 29.09b ± 0.06
18:1n-9 4.89a ± 0.11 5.56b ± 1.78 6.01c ± 1.20 6.22c ± 0.04 6.44c ± 0.31
22:1n-9 2.19a ± 0.01 1.85a ± 0.08 2.05a ± 0.09 2.09a ± 0.20 2.11a ± 0.07
Other MUFAs* 1.82a ± 0.02 2.28a ± 0.04 2.44a ± 0.01 1.86a ± 0.03 2.33a ± 0.05
Σ MUFA 38.93a 42.96b 44.13b 45.58b 46.64b
The data presented as mean values of three samples (mean ± standard deviation). The samples
were drawn from different sample sets and not from multiple analyses of the same sample.
* Represents the sum of fatty acids below 0.5% TFA and the minor fatty acids (<0.01%) are not
reported.
a, b, c, d: Row-wise values with different superscripts of this type indicate significant difference
(P < 0.05) between different days (0, 15, 30, 60 and 90) during accelerated shelf life study.
ΣMUFA, total monounsaturated fatty acids.
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lipid water interphase as also established in earlier studies,
whereas the free radical is eliminated from the lipid phase
and the lipid oxidation process due to that radical is termi-
nated (Packer et al. 1979). It is evident that the most
effective ratios of CLO and ROO in imparting antioxidative
stability to C0 are CLO : ROO (0.8:0.4), CLO : ROO
(0.4:0.8) and CLO : ROO (0.8:0.8). To these ratios contain-
ing combinations, the trace additives namely SME, TCE,
ZOE, TIE, CLE and ACE were added (0.025–0.05 g) to
obtain C1, C2 and C3. To C2, 0.025g of ACE was added to for-
mulate the combination C4 (Table 1). The free radical scav-
enging was observed to be significantly higher for C2 and C4
(>29%) compared with other combinations and C0
(Fig. 1E). However, the TBARS formation inhibitory activ-
ity was found to be < 2.1 mM MDA eq./kg for all the com-
binations compared with C0 (3.9 mM MDA eq./kg)
(Fig. 1F).
Effect of Various Combinations of Natural
Additives on Composition of Fatty Acids in
Mussel Concentrate in a Time Series
Accelerated Shelf Life Study
Saturated, monounsaturated, PUFAs, n-3/n-6 ratio and
trans fatty acid (TFA) composition of C0 vis-à-vis different
combinations (C1–C4) as a factor of time (90 days) and tem-
perature (50C) are described below.
SFAs
The total SFAs in C2–4 (37–39%) were found to be lower
than in C0 and C1 (39–42%) at d0. In particular, C2 and C4
effectively arrested the increase of the SFA at various sched-
uled intervals of accelerated shelf life study than did C1, C3
and C0, which realized a significant increase from d0–90
TABLE 4. C18 POLYUNSATURATED FATTY
ACID PROFILE DURING ACCELERATED SHELF
LIFE STUDY OF 90 DAYS (d90)
C18 polyunsaturated fatty acids (% total fatty acids, TFAs)
Fatty acids d0 d15 d30 d60 d90
C0
18:2n-6 8.80a ± 0.34 9.88b ± 0.56 9.22ab ± 0.89 9.90a ± 0.41 9.15ab ± 0.17
18:3n-6 2.56ab ± 0.15 2.32a ± 0 2.43a ± 0.03 2.89bc ± 0.02 1.31d ± 0.01
18:4n-6 2.63a ± 0.16 2.97a ± 0.10 2.66a ± 0.08 3.14a ± 0.09 2.73a ± 0.12
18:3n-3 2.76a ± 0.05 2.83a ± 0.02 2.72a ± 0.15 2.38a ± 0.12 2.40a ± 0.09
18:4n-3 4.24a ± 0.18 4.42ab ± 0.23 4.34ab ± 0.03 4.43ab ± 0.17 4.96b ± 0.23
C1
18:2n-6 2.21a ± 0.01 2.46a ± 0.01 2.59b ± 0.01 2.58b ± 0.02 2.62b ± 0.03
18:3n-6 3.26a ± 0.01 1.79b ± 0.01 1.43b ± 0.05 1.91b ± 1.28 1.82b ± 0.0
18:4n-6 1.72a ± 0.01 1.97a ± 0.01 2.11a ± 0.06 2.16a ± 1.17 2.19a ± 0.02
18:3n-3 1.64a ± 0 1.53a ± 0.82 1.02b ± 0.64 1.24ab ± 0.36 1.27b ± 0.11
18:4n-3 1.1a ± 0.01 1.25a ± 0.03 1.19a ± 0.02 1.14a ± 0.03 1.12a ± 0.03
C2
18:2n-6 2.25a ± 0.01 1.12b ± 0.02 0.95b ± 0.01 1.03b ± 0.01 0.83b ± 0.31
18:3n-6 1.7a ± 0.04 1.39b ± 0.01 1.22b ± 0.02 1.28b ± 0.01 1.55b ± 0.02
18:4n-6 1.97a ± 1.66 1.82a ± 0 1.79a ± 0.01 1.54a ± 0.36 1.56a ± 0.11
18:3n-3 1.62a ± 0.02 1.69a ± 0.04 1.59a ± 0.01 1.44a ± 0.01 1.39a ± 0.01
18:4n-3 1.23a ± 0.01 1.16a ± 0.06 1.17a ± 0.02 1.18a ± 0.01 1.16a ± 0.31
C3
18:2n-6 2.53a ± 0.06 1.95b ± 0.06 1.85b ± 0.06 1.80b ± 0.06 1.68b ± 0.06
18:3n-6 2.51a ± 0.06 2.52a ± 0.06 2.06b ± 0.06 1.82b ± 0.06 1.95b ± 0.06
18:4n-6 2.09a ± 0.06 2.29a ± 0.06 2.33a ± 0.06 2.77b ± 0.06 1.61a ± 0.06
18:3n-3 1.57a ± 0.01 1.53a ± 0.01 1.48a ± 0.02 1.42a ± 0.01 1.42a ± 0.02
18:4n-3 1.22a ± 0.01 1.16a ± 0.02 1.15a ± 0.9 1.15a ± 0.06 1.15a ± 0.02
C4
18:2n-6 2.29a ± 0.06 1.65b ± 0.06 1.39b ± 0.06 1.26b ± 0.06 1.19c ± 0.06
18:3n-6 2.06a ± 0.06 1.62ab ± 0.06 1.42b ± 0.06 1.71ab ± 0.06 1.79ab ± 0.06
18:4n-6 2.23a ± 0.06 2.09a ± 0.06 1.96a ± 0.06 1.79b ± 0.06 1.99a ± 0.06
18:3n-3 1.57a ± 0.03 1.56a ± 0.01 1.38a ± 0.04 1.37a ± 0.31 1.32a ± 0.01
18:4n-3 1.19a ± 0.64 1.17a ± 0.02 1.27a ± 0.02 1.16a ± 0.01 1.16a ± 0.01
The data presented as mean values of three samples (mean ± standard deviation). The samples
were drawn from different sample sets and not from multiple analyses of the same sample.
a, b, c, d: Row-wise values with different superscripts of this type indicate significant difference
(P < 0.05) between different days (0, 15, 30, 60 and 90) during accelerated shelf life study.
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(Table 2). C2 and C4 realized a decelerated increase of pal-
mitic acid (C16:0), the predominant among the SFAs in C0,
from ∼22% (d0) to ∼25% (d90), apparently due to compara-
tively high titer of curcuminoids (CLO : ROO; 0.8:0.4%),
which were reported to arrest the increase of SFA level
(Chattopadhyay et al. 2004).
MUFAs
The percentage composition of the prominent MUFAs
exhibited a moderate reduction in the combinations C2–C4
throughout the storage period (up to d90) except that noted
for C1 that recorded a significant (P < 0.05) reduction
in MUFA composition at d90 (21.3%) as compared with
that at d0 apparently due to comparatively less titer of
curcuminoids in C1 (CLO : ROO; 0.4:0.8%) (Table 3). A
decelerated increase of oleic acid (18:1n-9) were noted in C2
and C3 with respect to the baseline value (d0) than that in C1
and C4, which realized a significant decrease in its content
at d90.
PUFAs
The PUFAs, namely arachidonic acid (20:4n-6), EPA
(20:5n-3) and DHA (22:6n-3), in P. viridis concentrate are
important biochemical indicators contributing to the nutri-
tional quality in addition to the reported anti-inflammatory
properties (Calder 2009). The addition of natural additives
with polyphenolic moieties (in C1–C4) apparently shielded
the mussel PUFAs against oxidation as evident by higher
PUFA content in C1–C4 as compared with C0 at d90 of accel-
erated shelf life study. In general, the contents of SFAs were
not increasing, but rather, the degradation of the unsatu-
rated fatty acids was reduced during the accelerated shelf
TABLE 5. C20 AND C22 POLYUNSATURATED
FATTY ACID PROFILE DURING ACCELERATED
SHELF LIFE STUDY OF 90 DAYS (d90)
C20,22 polyunsaturated fatty acids (% total fatty acids, TFAs)
Fatty acids d0 d15 d30 d60 d90
C0
20:4n-6 0.58a ± 0.01 1.43b ± 0.01 1.55b ± 0.10 1.65b ± 0.02 1.96b ± 0.05
20:5n-3 6.98a ± 0.23 5.30b ± 0.28 5.33b ± 0.15 4.74c ± 0.45 4.53d ± 0.15
22:5n-3 1.56a ± 0.09 0.84b ± 0.02 0.86b ± 0.01 0.75b ± 0.05 0.73b ± 0.01
22:6n-3 7.92a ± 0.18 5.21b ± 0.13 5.19b ± 0.28 5.15b ± 0.10 5.11b ± 0.26
Other PUFAs* 1.63a ± 0.02 0.17b ± 0.01 0.17b ± 0 0.18b ± 0 0.18b ± 0
C1
20:4n-6 1.29a ± 0.01 1.42a ± 0.12 1.54a ± 0.01 1.59a ± 0 1.86a ± 0.05
20:5n-3 6.79a ± 0.60 5.37b ± 0.19 5.44b ± 0.03 5.16b ± 0.08 5.12b ± 0.31
22:5n-3 1.73a ± 0.02 0.98a ± 0 0.94a ± 0.02 0.86a ± 0.02 0.86a ± 1.25
22:6n-3 7.96a ± 0.01 5.67b ± 0.82 5.49b ± 0.64 5.55b ± 0.36 5.36b ± 0.11
Other PUFAs* 1.25a ± 0.02 2.88a ± 0.82 2.99a ± 0.56 2.41a ± 0.03 3.12a ± 0.03
C2
20:4n-6 1.17a ± 0.01 1.21a ± 0.03 1.21a ± 0.01 1.21a ± 0.02 1.23a ± 0.03
20:5n-3 7.85a ± 0.34 7.69a ± 0.98 7.67a ± 0.01 7.63a ± 0.06 7.61a ± 0.20
22:5n-3 1.89a ± 0.01 1.54a ± 0.02 1.54a ± 0.64 1.49a ± 0.36 1.42a ± 0.11
22:6n-3 8.7a ± 0.22 8.11a ± 0.36 8.05a ± 0.14 7.85a ± 0.09 7.84a ± 0.31
Other PUFAs* 1.98a ± 0.01 2.07a ± 0.01 2.1a ± 0.01 2.0a ± 0.02 2.08a ± 0.02
C3
20:4n-6 1.18a ± 0.16 1.31a ± 0.03 1.26a ± 0.02 1.31a ± 0.02 1.34a ± 0.01
20:5n-3 7.89a ± 0.02 7.72a ± 0.06 7.68a ± 0.12 7.64a ± 0.16 7.63a ± 0.06
22:5n-3 1.86a ± 0.02 1.65a ± 0.01 1.56a ± 0.02 1.51a ± 0.02 1.46a ± 0.01
22:6n-3 7.58a ± 0.24 6.12b ± 0.16 6.15b ± 0.02 5.38c ± 0.05 5.24c ± 0.02
Other PUFAs* 2.21a ± 0.02 2.26a ± 0.06 2.41a ± 0.14 2.06a ± 0.11 2.1a ± 0.01
C4
20:4n-6 1.19a ± 0.02 1.25a ± 0.05 1.28a ± 0.05 1.27a ± 0.31 1.29a ± 0.02
20:5n-3 7.74a ± 0.51 6.83b ± 0.64 6.80b ± 0.36 6.78b ± 0.11 6.74b ± 0.06
22:5n-3 1.74a ± 0.01 1.14b ± 0.02 1.05b ± 0.01 0.97b ± 0.01 0.97b ± 0.01
22:6n-3 7.43a ± 0.02 7.15a ± 0.11 7.11a ± 0.02 7.05a ± 0.31 7.00a ± 0.03
Other PUFAs* 2.37a ± 0.03 2.29a ± 0.01 2.31a ± 0.04 2.03a ± 0.08 1.99a ± 0.11
The data presented as mean values of three samples (mean ± standard deviation). The samples
were drawn from different sample sets and not from multiple analyses of the same sample.
* Represents the sum of fatty acids below 0.5% TFA and the minor fatty acids (<0.01%) are not
reported.
a, b, c, d: Row-wise values with different superscripts of this type indicate significant difference
(P < 0.05) between different days (0, 15, 30, 60 and 90) during accelerated shelf life study.
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life study. The total n-3 PUFA content of C0 was found to be
lower than those in C1–C4 at d0, thereby indicating the
added n-3 fatty acid pool to C0 by the natural additives. The
n-3 fatty acid, 22:6n-3 registered a significant reduction
(>35%, P < 0.05) in C0, at d90. The combinations C2 and C4
effectively prevented 22:6n-3 from oxidative degradation at
d90 than did C1 and C3. The comparatively poor shelf life of
C3 as compared with C2 in terms of degradation of 22:6n-3
in spite of higher concentration of antioxidant principles
CLO : ROO (0.8:0.8%) can be explained by the fact that a
threshold level of CLO : ROO (0.8:0.4%) is sufficient for
optimum antioxidant activity, and further addition of
endogenous antioxidants (ROO to 0.8% as in C3) does have
negative impact on stability of the fatty acid. This observa-
tion was supported in an earlier study (Lampi et al. 1999)
on fish oil, which implies that above a certain concentra-
tion, added antioxidants (e.g., α-tocopherol) loses efficiency
in stabilizing PUFA. The fatty acid 20:5n-3 was found to be
higher in C2 and C4 than in C1, C3 and C0. It is interesting to
note that an insignificant reduction of EPA content was
apparent (0–3%) in C2–4 at d90 as compared with that in C0
and C1, which realized a significant reduction in EPA
content at d90. Earlier studies (Whitehouse et al. 1997)
reported that the anti-inflammatory activity in a lipid
extract from green lipped mussel is associated with PUFAs
with multiple (4–6) double bonds. In the present study, the
PUFAs with four to six double bonds in C0 were found to be
significantly reduced (P < 0.05) at d90. However, no signifi-
cant reduction (P > 0.05) of this group of fatty acids was
noticeable (∼19%) for C2 and C4 (Tables 4, 5 and 6). The
percentage composition of 20:4n-6, the precursor of pro-
inflammatory eicosanoids, exhibited a significant increase in
C0 (>70% than baseline value) than those in C2–4 at d90. The
antioxidant additives served as oxidation chain breakers for
C2–4 by intercepting the free radicals generated from PUFAs
during accelerated storage.
Effect of Various Combinations of Natural
Additives on n-3/n-6 Ratio of Fatty Acids
and TFAs in Mussel Concentrate in a Time
Series Accelerated Shelf Life Study at
Various Intervals of Incubation
The combinations C4 and C2 exhibited maximum n-3/n-6
ratio (3.0) than recorded in C3 (2.4), C1 (2.1) and C0 (2.3).
It is of note that the combinations C4 and C2 realized an
increase (26.6 and 9.5%, respectively, with respect to C0)
of n-3/n-6 at d90 than that in C0. ROO and CLO contain
polyphenolic compounds with multiple –OH groups/
centers of unsaturation, which are capable of deactivating
free radical to initiate chain breaking peroxidation of ole-
finic double bonds in n-3 PUFAs. C0 is susceptible toward
peroxidation by free radicals, and therefore could not
retain the n-3/n-6 ratio for a longer time period under
shelf, and the additives (as in C1–C4) were used to shield
the oxidation of C0. C1 realized a reduction of n-3/n-6 to
23% as compared with the baseline value, apparently due
to comparatively less titer of curcuminoids (CLO 0.4%,
ROO 0.8%) (Table 6), which were reported to possess
potential to arrest the oxidation of PUFAs (Chattopadhyay
et al. 2004).
The accelerated shelf life study showed the isomerization
of naturally present cis double bonds in unsaturated fatty
acids to their trans conformers particularly with C0, which
recorded a significant increase of TFAs (>150%, P < 0.05) at
d60 and about 161% at d90 (Fig. 2A). The changes in trans
FAMEs of C0 and different combinations (C1–4) under accel-
erated shelf life study for 90 days are shown in Fig. 2B and
Fig. 3A–D. The combinations C2–4 effectively arrested the
isomeric conversion of monoenoic and dienoic cis-fatty acid
isomers (7-cis 18:1n-9 and 9cis, 12-cis 18:2n-6) to their trans
isomers (7-trans18:1n-9 and 9trans, 12-trans18:2n-6) at
TABLE 6. TOTAL POLYUNSATURATED, N-3, N-6 FATTY ACIDS AND
N-3/N-6 RATIO DURING ACCELERATED SHELF LIFE STUDY OF 90 DAYS
(d90)
Fatty acids d0 d15 d30 d60 d90
C0
Σ PUFA 28.4a 24.74b 25.38b 24.64b 24.62b
Σ n-3 19.45a 13.9b 13.79b 13b 12.52c
Σ n-6 8.49a 10.42b 11.15c 11.05c 11.49d
n-3/n-6 2.29a 1.33b 1.24b 1.18b 1.09b
C1
Σ PUFA 28.95a 25.32b 24.74b 24.60b 25.34b
Σ n-3 19.27a 15.67b 15.5b 15.03b 15.00b
Σ n-6 9.21a 8.45b 8.41b 9.16a 9.31a
n-3/n-6 2.09a 1.85a 1.84a 1.64a 1.61a
C2
Σ PUFA 30.36a 27.80b 27.29b 26.65b 26.67b
Σ n-3 22.58a 21.45b 21.29b 20.86b 20.71b
Σ n-6 7.50a 5.78b 5.41b 5.30b 5.43b
n-3/n-6 3.01a 3.71b 3.94b 3.94b 3.81b
C3
Σ PUFA 30.64a 28.51b 27.93b 26.86b 25.58b
Σ n-3 21.41a 19.52b 19.36b 18.36b 18.20b
Σ n-6 8.89a 8.47b 7.94c 8.04bc 6.91d
n-3/n-6 2.41a 2.30a 2.44a 2.28a 2.63a
C4
Σ PUFA 29.81a 26.75b 25.97b 25.49b 25.44b
Σ n-3 20.95a 19.06b 18.85b 18.56b 18.47b
Σ n-6 8.44a 7.08b 6.49c 6.36c 6.61c
n-3/n-6 2.48a 2.69a 2.90a 2.92a 2.79a
The samples were drawn from different sample sets and not from mul-
tiple analyses of the same sample. The data presented as mean values
of three samples (mean ± standard deviation).
a, b, c, d: Row-wise values with different superscripts of this type indi-
cate significant difference (P < 0.05) between different days (0, 15, 30,
60 and 90) during accelerated shelf life study.
ΣPUFA, total polyunsaturated fatty acids.
K. CHAKRABORTY, S.J. CHAKKALAKAL AND D. JOSEPH NUTRIENT-ENRICHED FORMULATION OF PERNA VIRIDIS
423Journal of Food Quality 37 (2014) 415–428 © 2014 Wiley Periodicals, Inc.
different time intervals of incubation during accelerated
shelf life study for 90 days. Trans 16:1n-7 exhibited a signifi-
cant increase (>160%) in C0 than that in C2–4 realizing a
moderate increase (up to a maximum of 0.05%) through-
out the period on shelf (Fig. 3). An inverse correlation was
apparent between higher ROO and CLO concentrations and
TFAs in different experimental combinations at various
stages of accelerated shelf life study for 90 days.
FIG. 1. COMPARISON OF (A) 2,2-DIPHENYL-1-PICRYL-HYDRAZIL (DPPH) SCAVENGING (% TOTAL ANTIOXIDANT RADICAL-SCAVENGING ACTIVITY
[%TARSA]) AND (B) THIOBARBITURIC ACID REACTIVE SUBSTANCES (TBARS) FORMATION INHIBITORY ACTIVITIES (MM MDA EQ./KG) OF FREEZE-
DRIED MUSSEL CONCENTRATE (C0) SPIKED WITH DIFFERENT CONCENTRATIONS OF CURCUMA LONGA (CLO) AND ROSMARINUS OFFICINALIS
(ROO) OLEORESINS (C) DPPH SCAVENGING (%) AND (D) TBARS FORMATION INHIBITORY ACTIVITIES OF DIFFERENT COMBINATIONS OF CLO AND
ROO OLEORESINS ADDED TO C0. (E) FREE RADICAL-SCAVENGING (DPPH INHIBITION) AND (F) LIPID PEROXIDATION INHIBITORY ACTIVITIES OF
C0–C4.
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CONCLUSIONS
The present study demonstrated the efficacy of different
combinations of naturally derived oleoresins from
R. officinalis (ROO) and C. longa (CLO), along with trace
amounts of other natural additives for use as antioxidative
supplements to the freeze-dried concentrate of green
mussel, P. viridis, in a time-dependent accelerated shelf life
study (for 90 days) with respect to its fatty acid composi-
tion. A threshold level of CLO : ROO (0.8:0.4%) is sufficient
for optimum antioxidant activity, and further addition of
endogenous antioxidants does have a negative impact on
the stability of these fatty acids. A minor reduction of n-3
PUFAs and efficiency to arrest the isomeric conversion of cis
PUFAs to their trans isomers were realized in the combina-
tions C2–4 after 90 days of shelf life study as compared with
that in mussel concentrate with no antioxidant additives
(C0), which point toward the beneficial effect of natural
additives. Green mussel-derived stabilized nutritional sup-
plements may be an effective functional food candidate for
human nutrition, and retain their functional properties for
a long period on shelf.
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